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Subdect: Contract

Gentlemen:

As discussed in recent neetings with your technilcal
vopresentablve the cost atabtus of the ixuﬂ“ Comparlson
vosbereoscone has bsen reviewed in detall.
Ly a8 ¥ $o be running in excess o thobe orisinally
miim;tua aud a coab overrun appeara evident.
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SUBJ QT Contract
REFERFNCE: 2tter June 17, o690

Gentlemen:

Reference i3 made to the cost aralysls on the Image Come
parison Microstereoscope as discussged in ny recent letter.
Additional information hezg been complied, and is herein
submitted for your avalvation,

The attached data includeg o Technical Analysls of Cost Vari-
ance, a compavison of rlzinal to now total funds Yequested,
and a breakdowm of the new total estlinmato listing labor hours
end related rate categories,

A detniled schedule for the coumpletion of this project is cur-
rently being brepared, however, at bresent we feel that the
current cchedule of January 30, 1970 can be ralntained, The
detailed schegule will be suvplied witnh the next monthly
progress renort.

If you have any questiongrconcerning this project, please
contact the writer directly.

Verv fvister v

Cdd rem
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r IMAGE COMPARISON MICROSTEREOSCOPE

|

| Technical Analysis of Cost Variance

PROGRAM MANAGEMENT

More duplication of effort during optical concept phase.

Increased instrument complexity, particularly in optical design arcas
(objectives) and stage design required more project direction than
anticipated. Additional consulting time on controls required,

OPTICAL DESIGN
Objectives optical design proved to be more difficult than originally
anticipated, Original design did not provide sufficient margin for
performaunce loss in the system. Design was recomputed to a higher
numerical aperature to provide a 16% margin.

Expericence with the similar objective lenses of the Advanced Stereo
Rhomboid indicated the objective doublets should be matched for
thickness in order to meet the desired optical performance, especially
in the areas of spherical aberration and, to some extent, astiginatism,

Further optical analysis showed matching tables were also desired for
matching air spaces in order to adjust for tolerance build up in areas
of radii, element thickness and glass indices,

Reports submitted provide a more detailed explanation.

The original concept to use a doublet for the collimator and decollimator
relays proved to be»unsatisfactoryband each was redesigned to a triplet,
The location of the pupil plane (in the anamorphic system) also caused
more problems than anticipated,

The 1X relay was also designed to be a ddubiet'howévér,'it too required

redesign to a triplet form, This was not anticipated in the original
estimate,
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MECUANTCAL DESTGN

The 4-bar linkage required extensive analysis to determine the optimum
parameters (link spacing, size) for this application. Tracking errors
due to backlash, bearing fit, and flexure were also analyzed to assure
a successful design. '

Optical packaging restrictions required that one zoom system be mech-
anically different from the other three, This redesign effort was
not anticipated, )

The eyepiece design, while basically a standard [:::;:::::::;]Dynazoom,
had to be modified to accept a largor free aperture due to the focal
length of the 1K re]ay lens. :

The Optical Switch task, which includes mounting of the 1X relay, was
overrun because of packaging difficulties resulting from the 1X relay
being a triplet in lieu of a doublet,

The focusing mechanism was designed to provide the required focusing
pitch and to fit within the tight confines of the optical arms.
Originally, a standard Dynazoom focusing mechanism was to be simply
modified to fulfill these requirements,

Rejteration of the optical system layout required repackaging of the
optical subassemblies. . This . process was redone more than the estimated
number of times because of the optical redesign. Any conjugate change
necessitated a complete review of the mechanical system layout to
assure compatibility with the remaining portions of the system.

Grouping of the channel indicator reticles in proximity to the anamor-
phic systems to provide a common rotation control required consider-
able system 1ayout effort,  For example, in one position the reticle

.rotational drive gear v1gnetted the optical path of the anamorphic

system and the gear had to be relocated to a position which would
still permit-a direct coupling to.the anamorphic subassembly without
vignetting, Considerable design effort was necessary to accomplish
this, :

Flexure analysis indicated that a conventional base and supporting
frame could not be used because the center loading of the upper
structure deflected the base beyond acceptable limits. Considerable
redesign was necessary to resolve this difficulty,  The resulting -

design for the supporting legs iy more complex than originally estimated,
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The ideal positioning of the controls, as indicated by the human factors
analysis, required the grouping of controls by stage, with a similar

orientdtion of the controls for each stage. In order not to compr&zanrnﬁﬁ&

on control location, which is extremely important in a instrument of

this complexity, the net result is a very complex drive linkage system
involving multiple belts, co-axial shafts, non standard toothed belts,
and idler assemblies. The additional drive mechanism further complicates
the effort required to keep the lines of sight of the optical path clear.

The stage analysis resulted in a different stage configuration than
originally planned and the resulting geometry increased the difficulty
in mounting the stage within the spacc available. The common drive
stage lock also proved to be considerably more complex to analyze and
design than originally anticipated. - ’

Tn general, we are well satisfied with the outcome of the 4~bar linkage
analysis and the resulting design and expect the stage to function as
planned, The extra effort in the design of the stage has afforded some
cost savings in the manufacture of this assembly. ‘ '

The packaging problem again proved to be more difficult than planned
. as, the addition of the split field stereo masks necessitated a dif-
ferent approach to the method of mask insertion. The masks are now
inserted from the center outward rather than vertically because of
space limitations. ' '

The detailing tasks are overrun for two major reasons. The increased
complexity of the mechanical designs has necessitated increased detailing
cost. We also feel the original detailing tasks were grossly under-
estimated in most areas. :

More complex optical designs have also required additional drafting
time,

The more sénsitive optical designs of the objectives, anamorphic ~ )
collimators and decollimators and 1X relays have increased the overall
sensitivity of the optical system with the result that the alignment

is more critical. In addition, recent experience with the Advanced
Stereo Rhomboid indicates that these objectives require much more align-
ment and optimization to meet the expected performance, This additional
work was not anticipated prior to the ASR experience.

Alignment of the mechanical system and tool design are tasks which have
been added because we feel that increased system complexity warrents
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the speéific review of the mechanical alignment by the mechanical
design team, These tasks were not anticipated in the original
estimate,

System ftesting has been increased in oxder to better evaluate the
overall performance of the instrument. The increased complexity
of the instrument and the addition of more functions will require
additional time,
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